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High resolution angle-resolved photoemission measurements have been carried out on
(Sr,K)Fe2As2 superconductor (Tc=21 K). Three hole-like Fermi surface sheets are resolved for the
first time around the Γ point which is consistent with band structure calculations. One electron-like
Fermi surface and strong Fermi spots are observed near the M(pi,pi) point. The overall electronic
structure, particularly near the M point, shows significant deviations from the band structure cal-
culations. The obvious bandwidth renormalization suggests the importance of electron correlation
in understanding the electronic structure of the Fe-based compounds.
PACS numbers: 74.70.-b, 74.25.Jb, 79.60.-i, 71.20.-b
The recent discovery of superconductivity in iron-
based ReFeAs(O,F) (Re represents rare earth elements
like La,Ce,Pr,Nd,Sm and etc.) [1, 2, 3, 4, 5, 6] and
(A,K)Fe2As2 (A represents alkaline earth elements like
Ba and Sr)[7, 8, 9, 10] has attracted great attention
because they represent second class of high tempera-
ture superconductors after the discovery of first high
temperature superconductivity in cuprates[11]. Different
from the cuprates where the parent compound is a Mott
insulator[12], the parent compounds of the iron-based
superconductors show a metallic behavior with a spin-
density-wave ground state[13, 14, 15]. This has raised
an important question on whether one should treat iron-
based compounds with an itinerant electron model[16,
17] or localized correlated model[18, 19, 20, 21]. Direct
measurement of the electronic structure is crucial in ad-
dressing this issue, and particularly the effect of electron
correlation in this iron-based system[22, 23, 24].
In this paper, we report first direct measurements
of the Fermi surface and band structure of the
(Sr1−xKx)Fe2As2 superconductor by angle-resolved pho-
toemission (ARPES) measurements. We have clearly
identified three hole-like Fermi surface sheets near the
Γ point of the Brillouin zone, which is consistent with
the band structure calculations. We also observe an
electron-like Fermi surface and strong Fermi spots near
the M(pi,pi) point. The overall electronic structure, par-
ticularly around the M point, shows significant difference
from the band calculations. In addition, we observed an
obvious bandwidth renormalization which suggests the
importance of electron correlation in understanding the
electronic structure of the iron-based compounds. These
results provide important information in establishing the
basic electronic structure of the iron-based high temper-
ature superconductors.
The angle-resolved photoemission measurements are
carried out on our lab system equipped with Scienta
R4000 electron energy analyzer with wide angle mode
(30 degrees)[25]. We use Helium I resonance line as the
light source which gives a photon energy of hυ= 21.218
eV. The light on the sample is partially polarized with
the electric field vector mainly in the plane of the sample
surface (as shown in Fig. 1a). The energy resolution was
set at 12.5 meV and the angular resolution is∼0.3 degree.
The Fermi level is referenced by measuring on the Fermi
edge of a clean polycrystalline gold that is electrically
connected to the sample. The (Sr1−xKx)Fe2As2 single
crystals were grown using flux method [26] and the crys-
tal measured has a superconducting transition at Tc=21
K[27]. The crystal was cleaved in situ and measured in
vacuum with a base pressure better than 6×10−11 Torr.
Fig. 1 shows the Fermi surface (Fig. 1a), band struc-
ture (Figs. 1b and 1c) and corresponding photoemission
spectra (energy distribution curves, EDCs)(Fig. 1d) on
(Sr,K)Fe2As2 single crystal around the Γ(0,0) point at
a temperature of 45 K. The spectral weight distribution
integrated over a narrow energy window [-5meV,5meV]
near the Fermi level (Fig. 1a) gives a good representa-
tion of the measured Fermi surface. Three Fermi surface
sheets can be clearly identified around the Γ point from
Fig. 1a, as marked in Fig. 3. The first is the well-defined
inner small Fermi surface sheet. The second is defined
2FIG. 1: Fermi surface, band structure and photoemission spectra of (Sr,K)Fe2As2 (Tc=21 K) near the Γ point measured at 45
K. (a). Spectral weight integrated within [-5meV,5meV] energy window with respect to the Fermi level as a function of kx and
ky. The black arrow near the bottom-right marks the main electric field direction on the sample surface from the light source.
(b). Original photoemission images measured along the four typical cuts as marked in Fig. 1a. (c). Corresponding second
derivative images of Fig. 1b. (d). Photoemission spectra along the four cuts with EDCs at the Fermi momenta colored and
marked.
FIG. 2: Fermi surface, band structure and photoemission spectra of (Sr,K)Fe2As2 near the M(pi,pi) point. (a). Spectral weight
distribution integrated within [-5meV,5meV] energy window with respect to the Fermi level as a function of kx and ky. (b).
Original photoemission images measured along the four typical cuts as marked in Fig. 2a. (c). Corresponding second derivative
images of Fig. 2b. (d). Photoemission spectra along the four cuts with EDCs at the Fermi momenta colored and marked.
by nearly straight lines that can be clearly seen in Fig.
1a. The third Fermi surface sheet is defined by the outer
strong intensity patches. We note that the overall spec-
tral weight distribution is not symmetrical with four-fold
symmetry with respect to the Γ point. This is due to
photoemission matrix element effect because the main
electric field component of the light is along one particu-
lar diagonal direction as marked in Fig. 1a.
Fig. 1b shows photoemission data taken along several
typical momentum cuts as marked in Fig. 1a. The cor-
responding second derivative images, obtained by taking
the second derivative on photoemission spectra with re-
spect to the energy at each momentum, are shown in Fig.
1c. This is an empirical but effective way in highlighting
3the underlying band structure[28]. From Fig. 1c, three
Fermi crossings can be seen, as marked by three arrows on
the data for the Cut 1, which correspond to three Fermi
surface sheets near the Γ point. The measured bands fur-
ther indicate that all the three Fermi surface sheets are
hole-like. These band dispersions and the Fermi crossings
can also be seen from the corresponding photoemission
spectra for the four cuts with the EDCs at the Fermi
crossings marked by colored lines (Fig. 1d). For the in-
ner small Fermi sheet, clear EDC peaks are observed at
the momentum crossings kF3L and kF3R in Fig. 1d for
the Cuts 1 and 2.
Fig. 2 shows photoemission data of (Sr,K)Fe2As2 mea-
sured around the M(pi,pi) point at 45 K. The spectral
weight distribution (Fig. 2a) shows two strong intensity
spots, S1 and S2, along the Γ(0,0)-M(pi,pi)-(2pi,2pi) line,
with their locations nearly symmetrical with respect to
the M(pi,pi) point. On both sides of the Γ(0,0)-M(pi,pi)-
(2pi,2pi) line, there are two patches of strong intensity.
The maximum intensity contours on the two patches are
not enclosed and also the two strong intensity spots ap-
pear to be isolated from the patches. These give rise
to some disconnected Fermi crossings identifiable around
the M(pi,pi) point, as marked in Fig. 3. From the band
structure measurements (Fig. 2b and 2c), it is clear that
the strong intensity spot, S1 in Fig. 2a, originates from
the band near the upper-left corner of Figs. 2b and 2c
for the Cut1. From Fig. 2c, it is also clear that, near the
M(pi,pi) point, the main electronic features are the two
flat bands which are ∼30 meV and ∼80 meV below the
Fermi level. The ∼30 meV band crosses the Fermi level
and forms an electron-like Fermi surface sheet near the
M(pi,pi) point that correspond to the contour of the max-
imum intensity contour of the two patches (as marked in
Fig.3a near M point).
Fig. 3 summarizes the overall Fermi surface of
(Sr,K)Fe2As2 by combining both measurements around
the Γ (Fig. 1a) and M point (Fig. 2a). Three hole-like
Fermi surface sheets are resolved around the Γ point for
the first time, different from two Fermi surface sheets
observed in (Ba,K)Fe2As2 compounds[23, 24]. Interest-
ingly, the shape of the three Fermi surface sheets appear
to be not circular, but more like squares. The enclosed
area of the inner, middle and outer Fermi sheets are
∼0.06, ∼0.28, ∼0.52, respectively, with a unit of (pi/a)2.
On the other hand, for the M point, there is an electron-
like Fermi surface sheet associated with the Fermi cross-
ings on the strong intensity patches (as marked near the
M point in Fig. 3a). However, because the patches are
not enclosed near the M point probably due to the matrix
element effect, and the appearance of two strong Fermi
spots, S1 and S2, we need to further determine whether
the two strong spots and the patches are independent or
they belong to the same electron-like Fermi surface sheet.
Fig. 3(b-d) shows spectral weight distribution integrated
over different energy ranges away from the Fermi level.
FIG. 3: Fermi surface of (Sr,K)Fe2As2. (a). Spectral
weight distribution integrated over a small energy window
[-5meV,5meV] with respect to the Fermi level. The Fermi
momenta are marked by symbols. (b), (c) and (d) show spec-
tral weight distribution near the M(pi,pi) point integrated over
energy windows of [-15meV,-10meV], [-25meV,-20meV] and [-
45meV,-40meV], respectively, with respect to the Fermi level.
The strong Fermi spot S1 moves away from the M point
with increasing binding energy, which is consistent with
the band dispersion as seen from Fig. 2b and 2c (Cut
1, up-left band). On the other hand, the electron-like
Fermi surface defined by the patches gradually shrinks
towards the M point. This clearly indicates that the two
strong Fermi spots S1 and S2 are independent from the
electron-like Fermi surface sheet defined by the patches
near the M point.
Fig. 4 shows an overall band structure of (Sr,K)Fe2As2
along typical high symmetry lines. This measurement,
together with Fermi surface information (Figs. 1, 2
and 3) makes it possible to have a direct comparison
with theoretical calculations. Since there is no band
calculations available on (Sr,K)Fe2As2 and it is ex-
pected that the band structure of SrFe2As2 is similar
to that of BaFe2As2[30], we take the band calculations
of BaFe2As2[24, 30, 31] for comparison. The observa-
tion of three hole-like Fermi surface sheets near the Γ
point is consistent with the band calculations[30]. How-
ever, the overall measured band structure and Fermi sur-
face show significant difference from the band calculated
results[24, 30, 31], particularly around the M point. As
shown in Fig. 4c, four bands are expected from band cal-
culations near the M point within 0.6 eV energy range,
with two bands near -0.2 eV that give rise to two electron-
like Fermi surface sheets around the M point[30]. This is
quite different from the experimental results where only
two shallow flat bands are observed near ∼-0.03 eV and
∼-0.08 eV and only one Fermi surface sheet is identified.
4FIG. 4: Energy bands of (Sr,K)Fe2As2 along high-symmetry
lines. (a). Original photoemission images(upper panels) and
the corresponding second derivative images (low panels)[29].
The locations of the momentum cuts are marked in the left-
bottom inset. (b). Corresponding photoemission spectra.
The corresponding momentum range is marked on top of Fig.
4a. (c). Calculated band structure along the Γ-M direction
in BaFe2As2[30].
Moreover, the extra band along the Γ-M cut (Fig. 4a)
that gives rise to the strong Fermi spots in the Fermi
surface mapping (Fig. 1a) is not present in the band
calculation (Fig. 4c).
The deviation between the measured and calculated
electronic structure may arise from a couple of reasons.
First, there may be appreciable uncertainty in the band
calculation itself. For instance, for the same BaFe2As2,
the calculation by Liu et al.[24] gives only two Fermi
crossings around the Γ point while three crossings are
expected from calculations of other groups[30, 31]. Sec-
ond, there can be some uncertainty caused by kz disper-
sion. For a given photon energy as we used, the mea-
sured electronic structure corresponds to one particular
kz with its location to be determined. However, we be-
lieve this may not be the main reason because the bands
near the M point are not strongly sensitive to kz[30, 31].
Third, the effect of chemical potential shift has to be
taken into account. The potassium (K+) doping in the
(Sr,K)Fe2As2 sample introduces holes and is expected to
lower the chemical potential compared with the parent
compound. By carefully examining the measured band
structure (Fig. 4a) and the calculated one (Fig. 4c)[30],
we find that a qualitative agreement between the mea-
sured and calculated electronic structure seems to be pos-
sible if one assumes a chemical potential shift down by
∼0.2 eV (as marked by a red line in Fig. 4c): (1). There
are still three hole-like Fermi surface sheets around the Γ
point; (2). There is one extra band along Γ-M which re-
sembles the one in Fig. 4a that gives rise to strong Fermi
spots in Fermi surface mapping (Fig. 2a); (3). Near the
M point, this would lead to two bands with one band
crossing the Fermi level to give an electron-like Fermi
surface.
We note that while qualitative consistency may be re-
alized by shifting the chemical potential, there remain
quantitative discrepancies between the measured and cal-
culated electronic structures, such as the exact location
of the Fermi crossings which determines the area of the
Fermi surface, that needs further theoretical investiga-
tions. One particularly notable difference between the
measurement and the calculations is the width of the
band dispersion. As seen from Fig. 4c, the major occu-
pied bands along Γ-M cut are spread within 0.6 eV energy
range for BaFe2As2, while they are within 0.15 eV in the
measured data (Fig. 4a). Even considering possible 0.2
eV chemical potential shift, there remains obvious nar-
rowing in the measured band width compared with the
calculated one. This appreciable band renormalization
suggests that electron correlation needs to be taken into
account in describing the electron structure of the Fe-
based compounds.
In summary, our angle-resolved photoemission mea-
surements have provided detailed electronic structure of
the (Sr,K)Fe2As2 superconductor. Significant deviation
between the measured and calculated electronic structure
is revealed that asks for further theoretical efforts. The
obvious bandwidth renormalization suggests the impor-
tance of electron correlation in understanding the elec-
tronic structure of the Fe-based compounds.
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